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Özet
Amaç: Periferik akciğer lezyonlarında fiberoptik bronkoskopi (FOB) sırasın-
da doku ya da sitoloji örneği elde etmek amacıyla C kollu skopi, tüm dünya-
da yaygın kullanım alanı bulmuştur. Gereç ve Yöntem: Prospektif olarak plan-
lanan bu gözlem çalışmasında radyolojik olarak kitle lezyonu veya parankimal 
infiltrasyonu olan, ancak endobronşial lezyon saptanmayan olgularda C kollu 
skopi eşliğinde bronkoskopik biyopsi, fırçalama ve lavaj örnekleri alınarak ta-
nısal değerleri karşılaştırıldı. Bulgular: Çalışmaya alınan 60 (E=45/K=15) has-
tanın yaş ortalaması 61.5±9.6 idi. Lezyonlar en sık sağ üst lobda saptandı. 
Hastaların 45’inde radyolojik olarak periferik kitle, 17’sinde nodül izlenirken; 
18’inde konsolidasyon veya infiltrasyon saptandı. Biyopsi ile elde edilen tanı 
oranı %36 iken, fırçalamada %20, bronkoskopik lavajda %21 olarak değer-
lendirildi. Tüm yöntemlerle toplam tanı oranı %45 idi. Tümör çapına göre tanı 
oranı karşılaştırıldığında 3 cm’den büyük lezyonlarda %48.1 ve 3 cm’den küçük 
lezyonlarda %31.8 saptandı. 3 cm’den küçük lezyonlarda fırçalamanın istatis-
tiksel olarak anlamlı bir şekilde etkisiz olduğu görüldü. Regresyon analizinde 
tanıya katkısı olan bağımsız faktör bulunmadı. İşlem sırasında hiçbir hasta-
da ciddi bir komplikasyon gözlenmedi. Tartışma: Çalışmamızda C kollu skopi 
eşliğinde yapılan bronkoskopinin periferik lezyonların tanı etkinliğini arttıran 
güvenli bir yöntem olduğunu gözledik. Biyopsinin diğer yöntemlere göre daha 
etkili olduğu, ancak tanı duyarlılığını arttırmak için diğer yöntemlerle kombi-
ne edilmesi gerektiği, fırçalamanın 3 cm’den küçük lezyonlarda tanıya katkısı-
nın olmadığı sonucuna vardık.
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Abstract
Aim: Fiberoptic bronchoscopy (FOB) is widely used in the diagnosis and 
treatment of pulmonary diseases. FOB sensitivity is generally low in tumors 
localized in the outer third of the lung. Diagnosis of peripheral pulmonary 
lesions can be difficult; however, the use of computed tomography (CT)-, fluo-
roscopy- or ultrasonography (USG)-guided surgery increases the diagnostic 
rates. In this study we aimed to compare the diagnostic values of C-arm 
fluoroscopy-guided bronchoscopic lavage, brushing, and biopsy samples ob-
tained in cases where radiological masses or parenchymal lesions were de-
tected, but endobronchial pathology was not found. Material and Method: In 
this prospective observational study, bronchoscopy was performed to the pa-
tients who had a mass lesion or parenchymal infiltration on chest radiogram 
and who had no endobronchial lesion, the diagnostic results of the bron-
choscopic lavage, brush and biopsy specimens have been compared where 
C-arm scopy guided the procedures. Results: 60 patients (45 male) with a 
mean age 61.5±9.6 were enrolled into the study. The lesions were mostly 
located in the right upper lobe. 45 patients had peripheral mass lesion, 17 
patients had noduler lesion where consolidation or infiltration were present 
in 18 patients. The diagnostic yield of the bronchoscopic biopsy was 36%, 
brushing 20% and 21% for the bronchoscopic lavage. Overall diagnostic yield 
with all bronchoscopic methods was 45%. In lesions with a diameter of <3 
cm, bronchoscopic brushing was significantly ineffective. There was not any 
severe complication due to these procedures. Discussion: The C-arm scopy 
guided bronchoscopic biopsy was much more valuable in the diagnosis of 
peripheral lesions.   
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Introduction 
Fiber optic bronchoscopy (FOB) is widely used in the diagnosis 
and treatment of pulmonary diseases, particularly in the evalu-
ation, diagnosis, and treatment of endobronchial lesions. FOB 
is an extremely safe procedure provided basic precautions are 
taken.
FOB sensitivity is generally low in tumors localized in the outer 
third of the lung; i.e. in the parenchyma where the airways are 
generally normal in malignant people. Diagnosis of peripheral 
pulmonary lesions can be difficult; however, the use of comput-
ed tomography (CT)-, fluoroscopy- or ultrasonography (USG)-
guided surgery increases the diagnostic rates. However, wheth-
er bronchoscopic inspection or percutaneous intervention is the 
optimal diagnostic medium for peripheral pulmonary lesions is 
unclear [1]. 
FOB under fluoroscopy is thought to be an effective and reli-
able first inspection method for the diagnosis of the pulmonary 
lesions with a diameter larger than 2 cm [2]. Shiner et al. [3] 
reported that bronchoscopy carried out on 71 patients with le-
sions larger than 2 cm did not detect endobronchial lesions and 
had a diagnostic ratio of 33% (11–76%). 
Fluoroscopic guidance is technically less difficult, costs less, and 
requires less procedure time than CT guidance. The pneumo-
thorax ratio is higher in CT-guided than fluoroscopy biopsies [4-
6]; in fact, serious complications are rare in fluoroscopy-guided 
surgery [7]. The most common complication associated with 
fluoroscopic guidance is hemorrhage; however, it is generally 
not serious enough to require treatment. Complications such 
as pneumothorax, hemomediastinum, and damage to the bron-
choscope are rare. The technique has been shown to be reliable 
for high-risk cases such as older age groups, emphysema, and 
cardiac disease [8-10].
Endobronchial lesion biopsy has a high diagnostic value for le-
sions that can be seen using a bronchoscope [11, 12]; however, 
the diagnostic values for transbronchial biopsy under fluoros-
copy and brushing are high for peripheral lesions that cannot be 
seen using a bronchoscope [12-15]. 
The present study compared the diagnostic values of C-arm 
fluoroscopy-guided bronchoscopic lavage, brushing, and biopsy 
samples obtained in cases where radiological masses or paren-
chymal lesions were detected, but endobronchial pathology was 
not found.  

Material and Method
The present prospective observational study compared the di-
agnostic values of routine bronchoscopic sampling methods. 
The study included patients scheduled for bronchoscopy for 
various reasons in which samples were obtained using C-arm 
fluoroscopy. We enrolled 60 consecutive patients with no endo-
bronchial lesions between February-2005 and September-2007.
The study was approved by the Ethics Committee of Ege Uni-
versity, and all patients provided written informed consent prior 
to entry into the study.
Radiological masses or parenchymal infiltration were detected 
in the lung and first lavage, followed by brushing and then biop-
sy sampling on the cases where no endobronchial lesions were 
observed during FOB under C-arm fluoroscopy guidance.  
Biopsy samples were sent to the pathology laboratory in a for-

malin solution, and brush samples were immediately fixed in 
70% alcohol.  
Prior to the biopsy, a medical history was taken and a physical 
examination and chest radiography were performed on all pa-
tients. A CT scan was routinely used to determine the location 
and characteristics of the lesion and to locate the site for the 
biopsy. 
The inclusion criteria were: over the age of 18, a mass lesion or 
parenchymal infiltration on the chest radiogram, no endobron-
chial lesion detected using FOB, and cardiopulmonary stability 
and the ability to tolerate bronchoscopy. Patients with an endo-
bronchial lesion, thrombocyte count <50000/mm3, or neutrophil 
count <1000/mm3 were excluded from the study.
Prior to surgery, the patients received premedication with sub-
cutaneous morphine HCl (5–10 mg) and 2% lidocaine for local 
anesthesia. Midazolam was used to achieve deep sedation dur-
ing surgery. The midazolam dose was adjusted for each patient 
with a maximum dose of 5 mg. 
Patients were placed in the supine position and the FOB (Olym-
pus videobronchoscope CLE-10, USA) was inserted through the 
transnasal or transoral route. Blood pressure, electrocardiogram 
(ECG), heart rate, and oxygen saturation were monitored during 
surgery in all patients. We used a Siemens Siremobil Compact L 
brand C-arm for fluoroscopy. 
We used a registration form to collect demographic, clinical, ra-
diological, and laboratory data and information concerning the 
cancer and bronchoscopic findings (i.e., view, monitoring, opera-
tions carried out, complications, and the results of the measures 
taken).  
The Statistical Package for the Social Sciences 16.0 (SPSS Inc., 
Chicago, IL, USA) was used to conduct the statistical tests. Chi-
squared tests were used to compare non-parametric variables 
and t-test were used to compare parametric outcomes. A re-
gression analysis was carried out to evaluate factors contribut-
ing to diagnostic success. 

Results
The study included 60 patients (45 male and 15 female) with 
a mean age of 61.5 ± 9.6. The most frequent symptoms were 
cough (56.7%), chest pain (23.3%), and dyspnea (20%). Lesions 
were most frequently detected in the right upper lobe. A pe-
ripheral mass >3 cm was detected on the chest radiogram in 
27 patients, a peripheral nodule <3 cm was detected in 22 pa-
tients, and peripheral localized consolidation or infiltration was 
detected in 11 patients. A total of 30 patients (50%) were ac-
tive smokers and 20 (33.3%) patients were nonsmokers while 
10 (17.7%) patients were ex-smokers. 
Surgery was performed most frequently on the right upper lobe 
(43.3%) and the apical segment of the right upper lobe (18.3%; 
Figures 1 and 2).
More than one biopsy was obtained during bronchoscopic 
surgery. Five biopsies were obtained from seven (11.7%) cas-
es, four were obtained from 38 (63.3%) cases, three from 11 
(18.3%) cases, two from two (3.3%) cases, and one biopsy was 
obtained from two (3.3%) cases. No statistically significant dif-
ference was found between the number of biopsies obtained 
and the diagnostic ratio. The diagnoses and sampling method 
used are shown in Table 1. 
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The diagnostic ratio was 36.7% for biopsy, 20% for broncho-
scopic brushing, and 21.7% for bronchoscopic lavage (Figure 3). 
The total diagnostic ratio combining all sampling methods was 
45%. Alternative methods were used for patients who could not 
be diagnosed using these sampling methods, those diagnostic 
ratios were: 25% for transthoracic fine-needle aspiration bi-
opsy; 15% for surgery, and 15% for other methods (lymph node 
biopsy, metastasectomy, radiological detected but not patho-
logically proven tumor). The various surgeries performed are 
shown in Table 2. 
The radiological sizes of the lesions are shown in Figure 4. As-
sessment according to tumor diameter revealed diagnostic ra-
tios of 48.1% for lesions >3 cm and 31.8% for the lesions <3 
cm (Figures 4 and 5). We found that that brushing did not detect 
lesions <3 cm. (p = 0.02). The regression analysis revealed no 
independent factors that contributed to the diagnosis. 

	
  

	
  

Figure 1. The distribution of the processing sites according to lobes

Figure 2. The distribution of the processing sites according to segments of lung 

Table 1. Diagnoses of the cases and  performed operations
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1 Lung Adeno Cancer - - - +

2 Squamous Cell Lung Cancer + + +

3 NSCLC + + -

4 Radiological Lung Cancer - - - +

5 Lung Adeno Cancer - - - +

6 SCLC + + +

7 NSCLC - - - +

8 Pulmonary Fibrosis + - -

9 NSCLC - - - +

10 BOOP + - -

11 SCLC - + -

12 Pulmonary Fibrosis + - -

13 NSCLC - - - +

14 NSCLC - - - +

15 SCLC + + +

16 Lung Adeno Cancer - - - +

17 Radiological Lung Cancer - - - +

18 NSCLC - - - +

19 Pulmonary Fibrosis - - - +

20 Sarcoidosis + - +

21 Pneumonia + - +

22 NSCLC + - -

23 NSCLC + - -

24 Lung Adeno Cancer - - - +

25 Tuberculose - - +

26 Radiological Lung Cancer - - - +

27 Lung Adeno Cancer + - - +

28 Normal - - - - +

29 Pneumonia + - -

30 Lung Adeno Cancer - - - +

31 Radiological Lung Cancer - - - +

32 Normal - - - +

33 NSCLC + -

34 NSCLC - - - +

35 Radiological Lung Cancer - - - +

36 Radiological Lung Cancer - - - +

37 Radiological Lung Cancer - - - +

38 Squamous Cell Lung Cancer + + -

39 Squamous Cell Lung Cancer - + +

40 NSCLC - - - +

41 Tuberculose - - - +

42 Lung Adeno Cancer - - - +

43 Lung Adeno Cancer + + +

44 Lung Adeno Cancer - - +

45 Lung Adeno Cancer - - - +

46 Radiological Lung Cancer - - - +

47 Carcinoid Tumour - - - +

48 SCLC + - -

49 Metastatic Lung Cancer - - - +

50 Pneumonia - + +

51 Squamous Cell Lung Cancer - - +

52 NSCLC - - - +

53 NSCLC + + -

54 Lung Adeno Cancer - - - +

55 Sarcoidosis + - -

56 Metastatic Lung Cancer + + -

57 Radiological Lung Cancer - - - +

58 Pneumonia + - +

59 Pneumonia + +

60 NSCLC - - - +

Total Diagnosed patients 22 11 12 10 9 15

(+):  There is diagnosis                                         (-):  There is no diagnosis 
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Discussion
The present prospective study, carried out over a two and a half 
years, revealed a diagnostic ratio of 36% for biopsy, 20% for 
brushing, and 21% for bronchoscopic lavage. The total diagnos-
tic ratio, the combination of all methods, was 45%. No serious 
surgery-related complications were observed in any patient. 
C-arm fluoroscopy is widely used to obtain tissue or cytology 
samples during FOB for peripheral pulmonary lesions. The to-
tal diagnostic rate using fluoroscopy-guided biopsy, brushing, 
and aspiration has been reported to be 40–80% and the false-
positive ratio was low [16, 17]. Evaluation of the bronchoscopic 

diagnostic methods individually revealed diagnostic ratios of 
15–46% for biopsy, 29–50% for brushing, and 42–46% for as-
piration [16]. The use of fluoroscopy increases the diagnostic 
ratio by 10–30% [17]. 
Cortese et al. [18] assessed 45 patients with pulmonary meta-
static, but not endobronchial, lesions, and obtained a total diag-
nostic rate of 53% and a 47% diagnostic rate for biopsy, 22% 
for brushing, and 17% for lavage using fluoroscopy. A previous 
fluoroscopy-guided study conducted in 452 patients revealed a 
diagnostic ratio of 55.2% for biopsy [19].  
The authors reported that as the number of biopsies increased, 
the diagnostic ratio increased (diagnostic rate of 52% for ≤4 
and 70% for >4 biopsies) [19]. In contrast, we obtained three 
to four bronchoscopic biopsies from 49 cases, but did not find 
a statistically significant relationship between number of biop-
sies and diagnostic ratio. This difference may be explained by 
the fact that the distribution between biopsy numbers and case 
numbers was not homogenous in our study. Previous studies 
that have found an association between biopsy number and an 
increase in diagnostic rate recommend that at least four biop-
sies are obtained from each patient [19, 20].
Cortese et al. [18] reported diagnostic rates of 64% for tumors 
larger than 2 cm in diameter, and 28% for lesions smaller than 
2 cm. In another study, fluoroscopy-guided diagnostic surgery 
was found to be ineffective for lesions less than 1.1 cm in di-
ameter [21].
Assessment of diagnostic ratio according to tumor diameter 
revealed rates of 48.1% for lesions larger than 3 cm and 31.8% 
for those smaller than 3 cm. The brushing method was not ef-
fective for lesions smaller than 3 cm. (p = 0.02). 
In a comparison of endobronchial ultrasound (EBUS) and fluo-
roscopy, Herth et al. [22] found fluoroscopy to be preferable be-
cause of its low cost and high diagnostic rate. However, both 
fluoroscopy and EBUS have been reported to be reliable diag-
nostic methods for lesions smaller than 3 cm [23].
Herth et al. [24] reported that EBUS detected 48 of 54 lesions 
smaller than 3 cm that could not be detected using fluoroscopy, 
and that 38 diagnoses were made resulting in a 70% diagnostic 
rate.  
Ensminger and Prakash [25] reported a 55% diagnostic rate 
for 107 biopsies obtained using fluoroscopy on patients with 
diffuse pulmonary disease, but no endobronchial lesions. They 
found that the technique was clinically useful in 75% of proce-
dures. In another study the authors concluded that fluoroscopy-

	
  

	
  

	
  

Figure 3. Success rate of the sampling methods 

Figure 4. The distribution of the lesions based on their radiological size 

Figure 5. The diagnosis rate based on radiological size

Table 2. Bronchoscopic methods according to diagnoses (n)
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NSCLC 5 3 1 5 2 1 14

Adeno Cancer 2 1 1 3 5 2 11

Squamous Cancer 2 3 3 4

SCLC 2 3 2 4

Carcinoid Tumour 1 1

Metastatic Lung Cancer 1 1 1 2

Tuberculose 1 1 2

Pneumonia 3 1 3 5

Fibrosis 2 1 3

Sarcoidosis 2 2

BOOP 1 1

Non-diagnosed 2

Radiological Lung Ca 9

Total 20 12 11 9 9 4 60
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guided bronchoscopic procedure performed on cases of diffuse 
lung disease significantly increased the diagnostic rate [26].
Diagnostic rates have been found to be higher at facilities that 
use EBUS. Using multiple diagnostic methods based on the case 
and combining sampling techniques increases the success rate 
of diagnosis [27]. In our study, biopsy was found to be the most 
effective sampling method with a diagnostic ratio of 36%; how-
ever, the addition of brushing and lavage sampling increased 
the success rate to 45%.   
Fluoroscopy increases the reliability of sampling, particularly 
when obtaining a biopsy from a peripheral lesion for transbron-
chial biopsy. Fluoroscopy-guided surgery has been reported to 
decrease the risk of pneumothorax; although the risk of pneu-
mothorax is less than 1.8% when guided by fluoroscopy, it has 
been reported to be as high as 2.9% when fluoroscopy-guided 
surgery was not used [28]. A previous study reported a pneu-
mothorax rate of 5.8%, and while 3.8% required a thorax tube, 
major hemorrhage was observed in 0.2% of the patients [29, 
30]. No serious complications were observed in our study.  
Fluoroscopic guidance is technically less difficult, costs less, and 
has a lower complication risk than the CT guidance. Further-
more, the pneumothorax ratio is higher in CT-guided (40–50%) 
than in fluoroscopy-guided surgery. Finally, fluoroscopy-guided 
FOB is a reliable method.  
Fluoroscopy-guided transbronchial needle aspiration (TBNA) 
has made a significant contribution to the diagnostic efficacy of 
fluoroscopy at a ratio of 20% (7–35%); and its diagnostic effica-
cy varies between 35% and 69%. In general, the bronchoscopy 
diagnostic rate decreases for lesions smaller than 3 cm located 
at the lateral end of the midclavicular line.
Conclusions: We observed that C-arm fluoroscopy-guided bron-
choscopy reliably increased the diagnostic efficacy for periph-
eral lesions. Our findings suggest that biopsy was more effec-
tive than the other sampling methods; however, combining the 
methods increased diagnostic sensitivity with the exception 
that brushing was not effective for diagnosis of lesions smaller 
than 3 cm. 
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